An experimental determination on powder mixtures of SiC-3C and 6H polytypes using an X-ray goniometer system showed the possibility of quantitative determination of polytype fraction directly from peak intensities. In combination with calculated X-ray intensities of 15R and 4H polytype, the method yields a simple equation system for the relative quantities of SiC polytypes 15R, 6H, 4H and 3C in polycrystalline samples and powder mixtures.
Introduction
It can be assumed that the type and amount of different SiC polytypes determine the quality of polycrystalline SiC compounds made either by hotpressing or by pressureless sintering. Experimental determination of amounts of different SiC polytypes by X-ray diffraction in a mixture has always been a problem, which is usually associated with effects such as different degree of crystallinity, particle size and strain associated with the crystals. Another difficulty is the overlapping of diffraction peaks. The most accurate method seems to be the comparison with standard calibration curves generated using pure materials; however, this is not possible in most cases [1] .
The purpose of this investigation was to establish a simple technique to determine the amount of the four most common SiC polytypes 3C, 4H, 6H and 15R. The general approach involved calculations of the absolute and relative intensities of the diffraction peaks. The calculations give only a limited accuracy because they cannot account for all factors influencing X-ray intensities such as stacking faults, twinning, particle size effects and textures. Therefore, a combination of calculations and experimental calibration curves seems to provide the most accurate results.
Calculation of X-ray diffraction intensities
Intensities reported by Thibault [2] , Schaffer [3] and Hannam and Schaffer [4] based on experimental results, could not be used for quantitative phase analysis for only relative intensities were given for each polytype. Calculated intensities for phase analysis were reported by Bartram [5] for selected diffraction peaks in the range d = 0.266 to 0.217 nm. For this work a computer program was used for calculating X-ray diffraction data for a goniometer system with LiF monochromator and CuKc~ radiation. Atomic positions parameters for 3C (F43m), 4H (C6mc), 6H (C6mc) and 15R (R3m) were taken from Wyckoff [6] . Intensity calculations with atomic scattering factors for Si ~ to Si 4+ and C o to C 4-in steps of 1 were carried out. Best agreement between calculated and measured intensities on pure 3C and 6H polytypes was found with scattering factors for Si 2+ and C 2-and therefore used throughout this *Now with: Rosenthal AG, Selb, West Germany. t Now with: Swiss Aluminium Ltd, CH-8212 Neuhausen, Switzerland. SNow with: University of Michigan, Ann Arbor, M~ch. 48109, USA. study. These values were obtained by linear the difficulties in preparing pure 15R polytype extrapolation from tabulated data for Si ~ Si 3+ powders. and C p, C 2 § [7] .
X-ray intensities are proportional to the volume The calculations are based on the relation fraction of a phase in a mixture of phases with equal absorption coefficients (neglecting extinction I n = m IFI 2.LP.V -1, effects). The calculated intensities of Table I (last where I n is the intensity normalized to the unit column) were normalized setting I (1 1 1) of 3C cell volume V, LP the Lorentz-polarization factor, polytype to 1 0 0, and were then used to derive the F the structure factor, and m the multiplicity. The equation system given in Table III for the volume temperature factor was neglected. The resulting X-fractions of the different polytypes: a, b, c and d ray intensities for reflections in the range from d = are the volume fractions of the polytypes 15R, 6H, 0.266 to 0.217 nm are given in Table I , and corn-4H and 3C respectively, contributing to the intenparison of selected relative peak intensities, sities of reflections A to F. In order to obtain reladenoted as peaks A to F, from the literature, tive volume fractions, values a to d are divided by experiments and calculations are shown in Table II . their sum a + b + c + d.
The calculated results are in good agreement with those reported by Bartram [5] and those 3. Experimental calibration on 3C/6H measured on pure 3C and 6H polytype powders,
powder mixtures
Differences between the calculated and measured Powders used for calibration were cubic SiC-3C intensities [2] [3] [4] are obvious from the experimen-from H. C. Starck (1-3)* and hexagonal SiC-6H tal results for 15R materials. This may be due to from Elektroschmelzwerk Kempten (4-7)*. Pow-T A B L E I Calculated intensities for X-ray diffraction lines 3C: space group FT~3m, a = 0.436 nm, V = 0.082 256 nm 3 ders were pressed in the cavity of a sample holder to give flat powder surfaces. Four goniometer runs were performed with each sample. After each run the sample was rotated 90 ~ within the reflection plane to control texture effects in the surface plane of the specimen. The deviation of the measured intensities from the average value of all four measurements was smaller than the scattering due to counter statistics for small grained powders (< 5 tam) indicating that texture effects within the sample plane were negligible. Tracings were carried out with a speed of 1/8 ~ min -1 and a time constant of 4sec. Peak heights as well as peak areas were determined in the 20 region between 30 and 45 ~ .
Results and discussion
With pure 3C powders a small intensity step was observed at d = 0.266 nm but only diffraction lines corresponding to (1 1 1) and (2 0 0) were identified. With pure 6H powders only peaks corresponding to the (1 0 1), (006, 1 02) and (1 03) were observed revealing no broadening at the base. This is a strong evidence for the absence of 15R. Halfpeak widths of 6H powders of all particle sizes exceeded those of 3C powders by about 10%. The results are shown in Table II (columns e, f), the intensity ratios of (006, 1 02)6H to (1 1 1)3 c being 0.652 (peak areas) and 0.588 (peak heights), respectively. X-ray intensities, I, of the powder mixtures (3C, 6H) determined from peak heights are shown in Fig. 1 . The measured values were normalized setting I(111) (peak D) to 1 00 for pure 3C (b =0)p. By means of least squares fit, the following equations result, b being the volume content of 6H powder.
PeakB:I = 19.34b Peak D: I = 100.00 --40.77b
Peak E:I = 18.06b
PeakF:I = 13.08--6.61b
In the mixtures, contents of 6H as low as b = 0.01 could be easily recognized from peaks B and E.
Comparison of the intensity ratios of pure powders measured by means of peak areas shows quite good agreement with calculated values. Our results do not agree well with those of Hannam [4] from carefully prepared SiC-6H powders except for the (1 04) diffraction line. Analysing the intensity Figure 1 Intensities of SiC powder mixtures (3C, 6H) resulting from peak-height measurements.
ratios of 6H powders, one would expect them to contain significant amounts of 3C. In that case the ratio F/D should be larger, but ratios B/D and E/D should be smaller than the calculated values. Peak heights measured from pure samples result in comparable intensity ratios owing to nearly identical half-peak widths of a single polytype in the d region used. Peak widths can be different for different polytypes, even for a single polytype in the d region used. Hence it is necessary.to know peak widths for the single polytypes in order to analyse polytype amounts by means of peak heights. Unfortunately, we were not able to obtain pure powders of 15R and 4H polytypes. However, combining our results of intensity measurements of peak heights with calculated ratios for 15R and 4H, the equation system shown in Table IV 
